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of infection with R. burneti or a virus of the psittacosis-ornithosis group while yet again some 16% had evidently been infected with influenza B. No clinical distinction could be made amongst patients who reacted to one or other of these agents causing the atypical pneumonia syndrome.
Respiratory disease associated with a positive cold hamagglutination or a Streptococcus M.G. agglutinin test occurred at all seasons but was commonest in the winter months;
while positive reactions to R. burneti and toAh, ornithosis viruses showed no seasonal trend.
Dr. Marmion then discussed the significance' of the test for cold hamagglutinins. This test was positive in a high proportion of volunteers infected'with filtered material from "primary atypical pneumonia" in experiments carried out by the American Commission on Acute Respiratory Disease. The "virus" present in the filtrates used by the Commission on Acute Respiratory Disease had not been isolated by them in experimental animals or eggs. Eaton, however, had produced good evidence that a virus could be isolated from patients with atypical pneumonia by the inoculation of the fertile hen's egg and the subinoculation of egg fluids in hamsters and cotton rats. Eaton's virus was technically difficult to work with and the significance of the neutralizing antibodies to the virus which appeared in the sera of patients convalescent from atypical pneumonia was still under debate. Consequently, the evidence that Eaton's virus was the cause of atypical pneumonia, was not conclusive.
The role of Streptococcus M.G. in atypical pneumonia was obscure at present. Reactions to this organism were most commonly found in the sera of patients with respiratory diseaseupper respiratory illness or atypical pneumonia-who also developed cold haemagglutinins. The two agglutinins, however, were distinct and any particular patient with atypical pneumonia might develop either one or the other, or both. The organism had originally been isolated' by American workers from the lungs of fatal cases of atypical pneumonia but was probably not primarily responsible for the pneumonia. It was not uncommonly found in the upper respiratory tract of normal persons and possibly invaded the lung in the train of a primary attack of this organ with the "virus" of atypical pneumonia. Some patients with atypical pneumonia showed a rising titre of agglutinins to the organism during the course of the disease, the highest titre usually being reached between the third and fourth weeks after onset. [January 19, 1951] DISCUSSION ON INFANTILE GASTRO-ENTERITIS Dr. Joan Taylor (Salmonella Reference Laboratory, Colindale): Infantile gastro-enteritis is defined by many observers as a disease affecting babies between the ages of 4 weeks and 1 year. Nevertheless there are reasons for believing that this disease may affect babies from the time of birth to 1 year, and, in addition, older babies, although the incidence and severity are less with increase in age. The disease to be discussed will be limited to "infective" diarrhoea and this term implies the existence of "non-infective" diarrhoea, the latter being due to dietary mismanagement or other non-specific factors. The differential diagnosis between diarrhoea of an infective or non-infective etiology is extremely difficult and, at present, usually rests on the occurrence of similar disease in adults and babies who are contacts of the original case. At the present time the sporadic case of infective diarrhoea from which no accepted pathogenic bacteria can be isolated depends for its diagnosis on the severity of the symptoms, the mild case usually being classified as dietary mismanagement, the severe as infective gastro-enteritis. No reference has been made to diarrheea secondary to parenteral infection; in many of these patients the clinical history is such that the diagnosis is straightforward, but, in others, the diarrhoea and the local infection occur simultaneously making it impossible to decide on the primary infective process.
The majority of outbreaks described in the American literature have occurred in maternity hospitals affecting babies under 4 weeks old, whereas in this country the majority of outbreaks occur in residential institutions or hospitals and affect older babies. This difference may be due to the large number of maternity units but very small number of resientiald institutions for older babies in the U.S.A., whereas the reverse is true in this country. Nevertheless in England many outbreaks occur in the children's wards of general hospitals. I was told that such outbreaks did not occur in the U.S.A. but it may be that outbreaks occur but are overlooked, a suggestion made to me by American epidemiologists.
The difference in reports from the U.S.A. and the United Kingdom has been mentioned, as the lines of research on the etiological agents involved have followed different approaches in the two countries. Work in the U.S.A. has been directed mainly towards a possible virus cause, but in this country towards a bacterial cause. It is possible that the cause of this disease may be different in the two countries or that there are a number of infecting agents some of which are of more importance in one country than in the other.
VIRUs
Reference will be made to epidemic diarrhoea in adults as there is evidence that infants may also be affected. Reiman et al. (1945) , investigating an outbreak of gastro-enteritis in adults, were able to reproduce the disease in human volunteers who inhaled filtrates of fmces taken from patients. Gordon et al. (1947) working on similar lines using fmcal filtrates were unable to infect human volunteers by inhalation but were able to reproduce the natural disease when filtrates were given by mouth. Thomas et al. (1943) investigating cases of atypical pneumonia found that not only could cold agglutinins be demonstrated in the patient's serum but, in addition, agglutinins to Streptococcus M.G. The exact significance of a rise in Streptococcus M.G. agglutinins is not known but it is tentatively regarded as a sign of virus infection in the same category as the presence of cold agglutinins. Keitel (1950) investigated an outbreak of gastro-enteritis affecting babies between the ages of 3 and 24 months and their mothers. He found the serum from many babies with diarrheea had a raised titre to Streptococcus M.G. In this outbreak the incubation period was about one to six days. Cook and Marmion (1947) investigating a mother-baby outbreak in this country found the disease in babies was mild, the incubation period being about eight days.
There is some clinical resemblance between these two outbreaks. No attempt to isolate a virus was made by Keitel, and Cook and Marmion failed to isolate a virus by animal inoculation. Nevertheless the work of Reiman and Gordon suggests that a virus may cause diarrhoea and that human volunteers are needed for proof. Clinically the outbreaks described by Reiman, Gordon and Cook are similar, suggesting that a virus may also affect babies.
Light and Hodes (1943, 1949) investigating material from four outbreaks of neonatal diarrhoea found that bacteria-free filtrates from faces caused scouring when given nasally to calves. Cummings (1947) obtained similar results but found that the infecting agent was lost after the fourth passage in calves. These results must be accepted with caution owing to the extreme susceptibility of calves to the natural disease calf scours. Buddingh and Dodd (1944) investigated an outbreak of infantile diarrheea associated with stomatitis and obtained some evidence suggestive of a virus etiology but this clinical syndrome has not been reported in this country.
BACTERIA
Outbreaks of infantile diarrhoea may be caused by organisms of the Salmonella or Shigella groups. Such outbreaks, though uncommon in this country, are common in tropical and subtropical countries, and in countries with defective sanitation. Each outbreak and sporadic case should be investigated to establish the absence of these accepted pathogenic organisms before accepting any other pathogenic agent as the cause of the disease. Ps. pyocyanea has been implicated in some outbreaks of infantile diarrhoea, Proteus in others, but proof of their xtiological role is lacking, partly due to the fact that specific methods for the identification of these organisms have not been used.
Recent work in this country has been directed towards the isolation of a bacterial pathogen. Bray (1945) investigated an outbreak of infantile diarrhoea and isolated from the feces of sick infants a specific type of Bact. coli identified by serological methods. Giles and Sangster (1948) isolated the same serological type from an outbreak occurring in Aberdeen. This serological type has been referred to as Bact. coli neapolitanum, Bact. coli alpha and by many other names. f shall refer to it as Bact. coli D.433 as this term avoids confusion with unrelated organisms. Later Giles et al. (1949) and Smith (1949) reported the isolation of another separate and distinct serological type of Bact. coli-beta-from a second outbreak of infantile diarrhoea in Aberdeen. The beta type was isolated from 21 of 48 cases of infantile diarrhoea but from only 2 of 53 healthy infants and from 1 of 74 healthy adults.
The interpretation of these findings has been guarded as no selective medium has been devised for the isolation of these organisms should they be present in small numbers, and the possibility that diarrhoea might change the proportions of naturally occurring organisms has always been borne in mind. Nevertheless the findings of Rogers et al. (1949) in Birmingham, Magnusson et al. (1949) in Sweden, Kauffmann (1950) SUMMARY The present position is that there is reasonable proof that some outbreaks of gastroenteritis among adults may be caused by virus infection. Serological tests on babies affected in an outbreak also involving adults suggest that a virus infection may possibly have been the cause though more investigations are needed as proof.
There is good epidemiological proof that certain serological types of Bact. coli cause infantile gastro-enteritis. Support for this belief comes from the results of feeding experiments on human volunteers, both on adults and one baby. Unfortunately no one has been able to show the presence of agglutinins in the serum of babies who have recovered from the disease. Payne has described the isolation of Bact. coli D.433 from a number of babies in an institution without any outbreak of gastro-enteritis occurring. Personally I believe that there is sufficient proof for the belief that Bact. coli D.433 is the cause of infantile gastro-enteritis, but that some other factor, such as the production of a toxin, may determine the pathogenicity of this type.
The evidence presented suggests that infantile gastro-enteritis may be due to a number of agents, that a virus infection may cause the associated adult plus baby type but that certain serological types of Bact. coli are so closely associated with outbreaks affecting babies only that they may in fact be the causal agent.
Dr. K. B. Rogers, commenting on Dr. Joan Taylor's reference to Keitel's work, said that Keitel's. cases had normal white cell and differential counts, whereas the cases of gastro-enteritis he had studied had a polymorphonuclear leucocytosis and he had failed to demonstrate either cold agglutinins or Streptococcus M.G. agglutinins. Finally, in Keitel's work adults were found to be affected, and no adults were infected in the epidemics investigated by Dr. Rogers.
Dr. K. B. Rogers (Children's Hospital, Birmingham): Most of this work was carried out in the building to which all infants are admitted at the Birmingham Children's Hospitalthe Parsons' Block-which consists of three floors each of which constitutes a ward containing ten cubicles, with two cots in each cubicle.
Cross infection within a hospital.-In this work I have studied the mode of spread of the two types of Bact. coli, the first of which is known variously as var. neapolitanum (Bray, 1945) , as D.433 , or alpha (Giles and Sangster, 1948) . The second is beta type (Giles et aL., 1949; . 1 shall refer to the former organism as D.433. The infants with gastro-enteritis associated with these type strains are nearly always hospital, clinic or nursery infections. If a case which is apparently infected at home is followed up carefully, contact with a hospital or other institution is usually demonstrated although this may have been made indirectly through a case of gastro-enteritis contracted at that institution.
At the Birmingham Children's Hospital the interfloor or ward cross infection has been marked by its absence. The Bact. coli type D.433 has not been present in the infants on the middle floor of the Parsons' Block since August 1949, but since then it has been present on the floor above for a continuous period of 65 days and for similar continuous periods, which gave a total of 286 days, on the floor below; it was present on both floors for 21 days at the same time, during which time it still failed to spread to the middle floor.
If gastro-enteritis in an infant is caused by a Salmonella or Shigella, a cultural examination of the feeces shows a marked difference from that obtained from fices of a case associated with one of these types of Bact. coli. With the former infections a simple relatively non-selective medium like MacConkey shows the few non-lactose-fermenting colonies of the causative organisms nearly hidden by the Bact. coli present in the specimen, whereas the MacConkey culture of the latter provides a virtually pure growth of the associated type of Bact. coli. Many more of the type strains-of Bact. coli are excreted by cases associated with these organisms, than of the causative organisms in a Salmonella or Shigella enteritis. This difference in the number of organisms excreted may well account for the epidemics of gastro-enteritis, associated with type strains of Bact. coli, that occur in wards where the barrier nursing system prevents epidemics due to Salmonelle or Shigelke, following the admission of a case infected with those organisms. It is felt that an analogy can be drawn between the path of infection from a case of infected burns and that from a case of enteritis associated with a type strain of Bact. coli. The discharges from the burns cause a chain of contamination that passes through the dressings and blankets to the patient's general environment and finally infects another case: the napkins are continuously infected by the fluid faces and these replace the dressings in the chain of infection summarized above.
A cultural examination of the air, employing the improved Bourdillon type slit sampler (Medical Research Council, 1948) , showed how a case of enteritis associated with one of the type strains of Bact. coli caused such heavy contamination of his napkins, blankets and towels, that when any of these was moved during routine nursing manceuvres, showers of the associated strain of Bact. coli could be recovered from the air of the cubicle. This caused contamination of all the furnishings in the cubicle (table, cotsides, toys, chairs, lockers, the floor, the bath and its plug, hand towels, &c.). That such contamination could take place within eighteen hours was also demonstrated. A similar contamination could not be demonstrated in a cubicle housing a child with a Salmonella enteritis (Rogers, 1951a) .
The problem of how infection was transmitted from cubicle (cell or room) to cubicle within a ward might be explained by the demonstration of the ease with which the specific strains of Bact. coli could be recovered from the broom, floor polisher, and weighing machine that was communal to the whole ward, as well as from the pram used to take the children of that ward to the X-ray department or operating theatre (Rogers, 1951a) .
That the above findings are not merely of academic interest is demonstrated in the two -analyses that are given below.
The faces of all the children admitted to the Parsons' Block are cultured on admission, weekly whilst in hospital and when the infant is discharged if there is any change of bowel habit, and daily when on chloromycetin. This routine has allowed the first analysis to be made. The histories and bacteriological findings of all the children admitted to the Parsons' Block over a consecutive four-month period were carefully examined. Excluding 22 infants who died within four days of admission from diseases other than gastro-enteritis, 301 were left for the analysis; no cases were infected with Salmonelle, Shigelke or Giardia during this period. 16 infants were admitted harbouring the D.433 or beta types of Bact. coli, and 107 acquired them after admission. 28 (22'8%) of the 123 infants with these organisms showed no symptoms, 36 (29 3%) had symptoms of a mild gastro-intestinal illness, and 59 (47 9%) had a sufficiently severe gastro-enteritis to require subcutaneous or intravenous alimentation.
During this same four-month period there were 19 cases of gastro-enteritis which were not associated with either the D.433 or the beta type of Bact. coli; 12 of these 19 infants required replacement therapy because of dehydration. The enteritis of 2 of these 19 cases was associated with other types of Bact. coli (Rogers, 1951a) .
In the above instances all infants were considered, but an analysis of the post-operative histories of cases of congenital pyloric stenosis shows the seriousness of this type of cross infection because, after this operation, convalescence should be uneventful. Table I is -condensed from that published elsewhere (Rogers, 1951a) but it shows that 13 cases of gastro-enteritis had an average period of 29 extra days in hospital.
Inter-hospital cross infection.-It has been demonstrated (Rogers and Koegler, 1951) how easily fresh epidemics are caused in hospitals that have been free of gastro-enteritis, usually because children, who have developed diarrheea or vomiting since they were -recently discharged from one hospital, are taken to a second hospital in the neighbourhood. The %omiting often precedes the onset of diarrhoea: this is stressed as several epidemics. have followed the admission of a case who was vomiting, but who did not develop diarrhoea until after admission.
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The two limitations in this work are that the hospital must have been free for several weeks of the type of Bact. coli present in the case who starts the epidemic, and, as soon as another infant is admitted with that strain, no further cases can be attributed to the original case.
There have been three examples of epidemics spreading between hospitals and theseare summarized below.
The first epidemic traced a strain of the beta type of Bact. coli through 4 hospitals between January 13 and February 16, 1950. There were no deaths amongst the 5 cases of gastroenteritis concerned. One case attended the Out-Patient Department when vomiting was the presenting symptom, before the onset of a severe gastro-enteritis.
In the second epidemic the 8 cases of gastro-enteritis were all associated with the D.433 type of Bact. coli, which was traced through 4 hospitals between December 1949 and March 3, 1950 . In this epidemic also a child attended the Out-Patient Department with vomiting as the presenting symptom. Two of the infants died from their gastro-enteritis.
In the third series of epidemics all the cases were associated with the D.433 type of Bact. coli. There were 4 units connected in this very large outbreak but one of these had two separate epidemics, the second being caused by descendants of the original D.433 type of Bact. coli 59 days after the last of these organisms had been isolated in the first epidemic. There were 37 cases of gastro-enteritis and there were 5 symptomless excreters. 3 infants died as a direct consequence of their gastro-enteritis. The epidemics, which lasted from December 27, 1949 27, , to June 26, 1950 , wete in wards that had been free of the D.433 type Bact. coli for 151, 49 and 59 days, and in a hospital that had been free for 121 days. Two of the epidemics were caused by the admission of infants who were vomiting on admission but who did not develop diarrhoea until 1 and 3 days later. 4 infants were readmitted to their own hospitals with gastro-enteritis. It was demonstrated how often the organisms could be isolated from the frces several days before the onset of diarrhoea. The incubation period was usually 7-10 days.
As mentioned earlier the enteritis associated with these types of Bact. coli is usually due to institutional contact. An example of the indirect contact that can be disclosed was the five-hour visit of an infant (S) to the home of her cousin (PJ), who had been admitted to the Birmingham Children's Hospital with gastro-enteritis associated with the beta type Bact. coli on 2.4.50. PJ was thought to have been infected at a Welfare Centre. On 3.4.50 baby S was taken to PJ's home for the only time for several weeks before and after that date. The infant (S) was placed in PJ's pram and allowed to play with his teddy bear. Ten days later baby S developed a gastro-enteritis associated with the beta type Bact. coli, and on enquiry no other possible contact with a case of enteritis could be obtained (Rogers, 1951a) .
More recently an unfortunate epidemic has been caused on the first floor of the Parsons' Block by a cretin (SB). This infant had been seen twice in the out-patient department of the hospital and she was vomiting but had no diarrhoea when she was admitted on December 12, 1950. The admission swab of her fieces gave a nearly pure growth of the beta type of Bact. c,;s Her vomitus was cultured and gave a pure growth of this organism. Thirty-six hours after she was admitted the cubicle was examined and found to be widely contaminated with the beta type of Bact. coli; they were even recovered from inside the drawer in the nursing chair of the other cot in the cubicle, although the cot was unoccupied and the drawer therefore not in use. ft must be stressed that SB had no diarrhoea when the cubicle was examined and also that the ward had been completely free of the D.433 and beta types of Bacd. coli since November 1, 1950.
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A prophylactic course ofchloromycetin was commenced on December 12 and SB developed diarrhoea nine hours after it was started but she soon had normal stools which failed togrow the beta type of Bact. coli after December 15. The chloromycetin was stopped on December 25, but she had a bacteriological relapse on January 3, 1951. Dust which had been collected from the cubicle on December 14 was kept in the laboratory in a cotton-woolplugged test tube. When cultured 27 days after it had been collected a nearly pure growth of the beta type of Bact. coli was obtained: this might have a bearing on the followingsequence of events.
On December 31, 1950, the beta type of Bact. coli was isolated for the first time from thefwces of another infant in the ward, who had been admitted on December 8. By January 3, 1951, 4 other babies had picked up this organism. Later these infants developed symptoms. of gastro-enteritis and an epidemic developed. So far there has only been one death, baby TB who was in the ward for a week with a respiratory infection and was discharged January 5, 1951. On January 12 diarrhoea started at home and on the 14th the baby was admitted to a local fever hospital. She was very dehydrated and failed to respond to treatment, dying on the 16. At post-mortem cultures were made from various levels in the intestines. No Salmonelle or Shigellk could be isolated but a pure growth of the beta type of Bact. coli was obtained from every specimen. At this point I would like to emphasize that it is essential to make a full cultural examination for Salmonella and Shigellk, and to exclude the presence of Giardia, as vell as looking. for type strains qf Bact. coli, when examining the faeces of an infant with diarrhoea. This rule has been adhered to in all the work I have presented, and in the last few months has ,demonstrated a major epidemic due to Salm. adelaide, which originated in the infants' ward of one hospital, and a minor epidemic of Shig. sonnei at another. Both sets of fIces. had been sent to me for the identification of the type strains of Bact. coli.
REMEDIES
The only proved remedy I can place before you at present is the abolition of the. communal broom and its replacement with the cylinder type vacuum cleaner. The detailed work proving the efficiency of these machines in preventing both the dust and any bacteria from being discharged in the cleaned air, and also the proof of the vacuum cleaner's advantages in a ward where the floors were not oiled, as well as in a premature ward where the floor was oiled, are described more fully elsewhere (Rogers, 1951 b) . The Hoover cylinder model 402 has been found to have a great advantage over all other models tested, as it is -fitted with a foot operated device that enables the bag to be emptied without removing it -from the cleaner. In all other models tested the outer surfaces of the bags were found to become -contaminated as the bags had to be emptied after removal from the cleaner, so the next time these machines were used the air expelled was sometimes contaminated. The work I have been able to carry out in other hospitals has shown that all those hospitals which admit infants have epidemics similar to those occurring at my own hospital, but that often these are recognized only if an investigation is carried out to disclose their existence.
It is obvious that I, as a clinical pathologist, would be incapable of carrying out any of this work if I had not had the co-operation of my colleagues at the Birmingham Children's Hospital (the late Sir Leonard Parsons and the Consultants, Matron, Sisters, Registrars and Residents) as well as the help of the neighbouring pediatricians and pathologists, and to all these I would like to express my sincere thanks. I have presented my own views and these are not necessarily those of my colleagues.
